Background: The tunnelling as opposed to the open harvest technique for harvesting long saphenous vein for coronary artery bypass procedures is a less frequently used technique as it requires more handling of the vein and this may induce trauma. This study aims to compare the degree of endothelial denudation and donor site morbidity between the two different harvest techniques. Methods: Saphenous vein segments in 78 patients (45 in tunnelling versus 33 in open harvest group) undergoing coronary artery bypass procedures were examined by light microscopy and graded according to the extent of endothelial denudation varying from grade 1 (most preserved) to grade 6 (Ͼ90% endothelial denudation). Clinical parameters relating to donor site morbidity including leg wound pain and infection were also assessed. Results: There was no statistical difference in the age, sex, macroscopic vein quality, length and time taken to harvest the veins between the two groups. The tunnelling technique always used thigh saphenous vein whereas nearly a third of veins harvested by the open harvest technique were lower leg veins (P = 0.001). The tunnelling technique resulted in an endothelial score of 2.5 compared with 3.3 for the open harvest technique (P Ͻ 0.001). In addition, saphenous vein tunnelling resulted in significantly less leg wound pain (1.2 vs. 1.8, P = 0.001), no leg wound infection (compared with 12.2% in open harvest group, P = 0.02) and produced cosmetically more acceptable scars. Furthermore, length of hospital stay was significantly prolonged to 19.3 days in those with leg wound infection compared to 8.7 days in those without leg wound infection (P Ͻ 0.001). Conclusions: These results show that saphenous vein tunnelling is an attractive alternative to the open harvest technique in obtaining venous conduits for coronary artery bypass procedures.
Introduction
Coronary artery bypass procedures utilizing venous conduits rather than internal mammary arteries are known to have a lower long-term patency rate [1, 2] . This is thought to be the result of arterialization of the vessel wall resulting in progressive luminal narrowing and eventual occlusion such that vein grafts are often revised after 8-12 years [3, 4] . In addition, poor vein quality may contribute to early occlusion especially if the distal run-off is borderline, with implications in terms of morbidity and mortality [5, 6] .
Traditionally, the saphenous vein is harvested by the open harvest technique as this allows direct visualization and potentially reduces handling to minimize endothelial damage. In a few centres, the saphenous vein is harvested utilizing a tunnelling technique which involves multiple small incisions. Apart from producing more cosmetically acceptable scars, there is a lower incidence of wound infection [7] . However, proponents of the open harvest technique argue that tunnelling induces excessive damage to the saphenous vein and would jeopardize its patency rate, both short and long term. The aim of this study is to assess the degree of endothelial damage in saphenous vein segments harvested by the open compared to the tunnelling technique. In addition, the following clinical parameters were also assessed: age, sex, site of harvest, length of vein and time taken to harvest, macroscopic quality of the vein, grade of harvesting surgeon, post-operative wound pain, incidence of wound infection and duration of hospital stay. This study was approved by the Scientific Advisory Committee and the Human Research Ethics Committee of the Western Sydney Area Health Service.
Materials and methods
This study is made possible because two of the surgeons (H.S.P. and B.M.H.) use the tunnelling technique while the other surgeon (R.B.C.) routinely used the open harvest technique to obtain the long saphenous vein for coronary bypass procedures at Westmead Hospital.
Operative procedures
The tunnelling technique involves multiple small incisions along the course of the long saphenous vein mostly starting from the groin. After the vein is suture ligated and divided from the sapheno-femoral junction it is dissected free from surrounding tissues and its branches clipped on the patient's side and cut. Usually 5-10 cm of the vein can be freed in this way before the introduction of a tunneller (Mayo vein stripper; Johnson and Johnson) ( Fig. 1 ) which is brought out through a more distal incision together with the vein. The process is repeated until the desired length of the vein is harvested. The open harvest technique exposes the saphenous vein throughout its harvested length. It remains connected both proximally and distally until the branches are either suture ligated or clipped and cut when the desired length of the vein is removed. After harvest, the vein is secured to a Tibbs cannula and distended in length after occluding the proximal end with an atraumatic bulldog clamp. The saphenous vein is distended using a 20 ml syringe containing heparinized Ringer's solution at room temperature and with gentle manual pressure. The saphenous vein is normally taken in excess to ensure sufficient length. In most cases, the long saphenous vein is harvested from either the groin or ankle to just beyond the knee. The anastomoses for grafting the coronary arteries are performed sequentially with the most distal first before eventually performing the proximal anastomosis to the aorta. The excess venous segments (normally 5-10 cm) were placed in heparinized Ringers solution until the end of the case and then stored in buffered formalin containers. Only segments greater than 2 cm from the cannula tips were used to negate spurious endothelial damage secondary to cannulation. Table  1 ).
Clinical parameters

Laboratory procedures
All vein segments were collected in a sterile container with buffered formalin until analysis. A 1 cm segment was cut longitudinally and splayed open with pins placed at corners. The tissue was first washed in phosphate buffered saline before being placed in haematoxylin for 90 seconds. The specimen was then rinsed off with water, 70% alcohol and water and then placed in eosin for 10 seconds. The eosin was then rinsed off with 70% alcohol. The above staining technique allows diffusion and staining of a few superficial endothelial layers of cells, permitting a clear visualization of the endothelium under the light microscope [8] . All venous segments were graded for degree of endothelial denudation by the author (HMT) without knowledge of each individual specimen's grouping.
Statistical analysis
Statistical significance between the two groups, Tu (vein harvested by tunnelling) and Op (vein harvested by open cut) was established using Chi-squared, Fischer's exact, one-way ANOVA, and Mann-Whitney rank sum tests. The data were analyzed using the statistical software package SPIDA (version 6, 1992, Statistical Computing Laboratory, Macquarie University, Sydney, Australia).
Results
There was no statistical difference between the age and sex of patients between the two groups. The average age was 64.4 years for group Tu and 62.3 years for group Op (one-way ANOVA, P = 0.25). The sex distribution was 37 males and 8 females for group Tu and 22 males and 11 females for group Op (Chi-squared, P = 0.11). The tunnelling technique always utilized the thigh vein but frequently extended to below the knee. In contrast, 10 out 33 of the saphenous veins harvested using the open harvest technique were lower leg veins (Chi-squared, P = 0.001) ( Table 2 ). There was no statistical difference in the length, duration taken to harvest saphenous vein and the macroscopic quality of the vein between the two groups ( Table 3 ). The amount of post-operative leg wound pain was 1.2 for group Tu and 1.8 for group Op (Mann-Whitney U-test, P = 0.001). There was no leg wound infection in group Tu compared with 12.2% in group Op (Fischer's exact test, P = 0.02). The average hospital stay was 7.7 days for group Tu and 10.1 days for group Op (Mann-Whitney U-test, P = 0.15) (Table 4 ). However, for those patients with infected vein harvest site, the average hospital stay was prolonged to 19.3 days (Mann-Whitney U-test, P = 0.026) compared with 8.7 days in those without vein harvest site infection.
Using the histological criteria in Table 1 , the grading of venous segments varied from 1.5 (minor lineation) to 5 (up to 90% denudation) for both groups. However, venous segments in group Tu had more preserved endothelium with an endothelial grading of 2.5 compared with 3.3 in group Op (Mann-Whitney U-test, P Ͻ 0.001) ( Table 5 ). Furthermore, there was no statistical difference between the grade of the harvesting surgeon and the endothelial grading of venous segments within group Tu (Table 6 ). Table 1 Criteria for grading endothelial damage Ͼ90% of the surface devoid of endothelial cells 
Discussion
This study utilized the extent of endothelial denudation as an endpoint to assess the amount of trauma induced on harvested long saphenous vein by the tunnelling and open harvest techniques. The tunnelling technique resulted in a more preserved endothelial architecture than the open harvest technique suggesting that factors other than direct handling during vein harvest are equally if not more important. One constant observation of the harvesting procedure is that the long saphenous vein is nearly always more contracted when harvested as an open harvest than when it is tunnelled. It is possible that the vigorous smooth muscle cell contraction seen in the open harvest group is associated with the most endothelial damage. It has been previously shown that prolonged contraction of a vein leads to endothelial protrusion and sloughing [9, 10] . In addition, the excessively contracted vein would require increased distending pressure and this potentially further enhances endothelial denudation [8, 11] . The use of topical vasodilatators on the vein during the open harvest technique has been shown to improve endothelial preservation [10] but these were not used in this series. The majority of vein harvesting was performed by the registrar surgeons (Table 2) who each worked with all consultants and performed both techniques. The tunnelling technique, quite apart from producing cosmetically more acceptable scars also resulted in no leg wound infection which is consistent with the 0.9% wound complication rate, all of minor proportions, reported by MeldrumHanna et al. [7] in 2439 patients undergoing this procedure. In contrast, the open harvest technique resulted in a leg wound infection rate of 12.2% and this is consistent with reported frequencies of impaired wound healing of open harvest site incisions [12] . In this study the patients with an infected vein harvest site had a more prolonged hospital stay of 19.3 days compared to 8.7 days in those without leg wound infection. In conclusion, based on the parameters studied including the extent of endothelial damage, saphenous vein tunnelling appears a superior alternative to the open harvest technique as a means of obtaining venous conduits for coronary artery bypass procedures. It seems likely that endoscopic saphenous vein harvesting with the use of a modified Mayo vein stripper will also be associated with improved endothelial preservation relative to open harvest techniques. However, the tunnelling technique described in this paper requires no disposable instruments and the harvest times are less than those reported for the endoscopic technique [13] resulting in a substantial cost-benefit. 
